Changes in lipids of mussel during storage by Changbhu, Xue et al.
Pakistan Journal of Marine Sciences, Vol.7(1), 27-34, 1998. 
CHANGES IN LIPIDS OF MUSSEL DURING STORAGE 
Xue Changhu, Wang Yisheng, Khalid Jamil, Li Zhao Jie and Lin Hong 
PCSIR Laboratories Complex, off University Road, Karachi, Pakistan (KJ); 
Department of Food Science and Technology, Ocean University, Qingdao, P.R.China 
(XC, WY, LZJ, LH); 
ABSTRACT: Proximate composition, lipid and fatty acid components of dried mussel and 
changes in lipids during 1 year storage were studied. Male mussel contained lower fat contents and 
higher contents of polyunsaturated fatty acids of C20:5n-3, and C22:6n-3. High percentages of 
Cl6:1, Cl7:1, Cl8:3n-3, C20:3n-8 existed in NL and C!6:0, C18:0, Cl8:1n-9, C20:2n-6, C20:5n-
3, C22:6n-3 were very rich in PL. Triglycerides phosphatidylcholine, cholesterol were major com-
ponents of mussel lipids. Free fatty acids (FFA) increased greatly and phospholipids decreased 
during storage, saturated fatty acids showed an increase trend and polyunsaturated fatty adds 
decreased differently. Dried mussels were vacuum packed and air packed and packaging methods 
had a great influence on the oxidation of mussellip,ids, indicating preference of vacuum packaging. 
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INTRODUCTION 
Mussels (Mytilus edulis) are most productive marine shellfish in China and only a 
small part of them are sold for human consumption. Most of them are utilized as prawn 
and animal feeds. Fresh mussel meat is delicious, palatable and rich in nutrients, and has 
a pleasant flavour. Dried mussel is a traditional marine food in China, developed in a 
variety of products. These products are usually stored for a long period. During storage 
the dried products which are rich in lipid and unsaturated fatty acids lose flavour and get 
easily oxidized. Lipid oxidation is a key quality index for all mussel foods (Rhee, 1988). 
The oxidizability of marine food products differ from species to species and processing 
technology (Nambudiary, 1980; Shewfelt, et al., 1981; Smith, 1987). In order to elucidate 
the changes in lipids of dried mussel, this paper presents fundamental information of 
mussel lipids for further development of mussel. products. 
MATERIALS AND METHODS 
Materials: 
Fresh mussel samples were obtained from Qingdao Dagang Marine Aquaculture 
Farm. Boiled in water, mussel meat was later separated from the shells and then sun 
dried and packaged. Male and female mussel were separated and stored in vacuum-pack-
age and air-package. The samples were stored at room temperature for one year, and ana-
lyzed at different time intervals. 
Methods: 
Proximate composition of dried mussel: 
The samples were analyzed for moisture, crude protein, crude fat, ash and glycogen 
contents according to the methods described by AOAC {1984). AU analyses were done 
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in triplicate and average values reported. 
Lipid extraction and fractionation: 
The total lipids were extracted by the method of (Folch et al., 1957) using the mixed 
solvent of CHCI3:CH20H(2: 1). Neutral lipids (NL) and polar lipids (PL) were fractionat-
ed from total lipids (TL) by column chromatography using silica acid with chloroform 
and methanol as the developing solvents. 
Total lipids were separated by thin layer chromatography (TLC) as follows: Thin 
plates (10x20cm) precoated with silica gel G were first activated at uoac for half an 
hour, and then stored in a dessicator until use. Lipid solution (about 5%) was applied on 
the plates in a row of spots with a micro syringe and developed with two separation sys-
tem. 1) Developing reagent A for polar lipids containing chloroform:methanol:water 
(65:30: 1); 2) Developing reagents B: for neutral lipids containing hexane: ethyl ether: 
acetic acid (80:20: 1.5). The first stage development with developing reagents A needed 
10 min. and the second stage for 30 min. AfteJJ full development, the plates were taken 
out dried and sprayed with 10% H2S04-CH30H. By comparison with standard lipids, 
the relative contents of each component were calculated with TLC Scanner (CS-930) at 
550 nm. 
Analysis of fatty acid composition: 
The extracted and separated lipids were saponified with 2 mol/L KOH-methanol 
solution and esterified with 2 mol/L HCl - methanol. Methyl esters were extracted 
according to the method of (Auckman et al., 1989). 
Fatty acids methyl esters vvere determined by gas- liquid chromatography (HP5890) 
under the following analytic cor:.riition: 
Column: Carbowax 20M(25m x 0.35mm) 
Detector: Flame Ionization Detector (FID) 
Column temperature: 198ac (Isothermal) 
Injector and detector temperature: 250ac 
The identification of each fatty acid was established by comparison of the retention 
time with standard fatty acids. The content of each fatty acid was calculated by normal-
ization method. 
RESULTS AND DISCUSSION 
Proximate composition of dried mussel: 
Each component of dried mussel varied with seasons. The fleshy test sample were 
prepared in March. Proximate compositions of dried mussel are showed in table L The 
protein content of dried mussel approached 53.0%-60.6%, higher than that of soy bean 
(44.5%), and similar to that of dried scallop muscle (55.6%). Dried mussel contained 
more than 10% fat and higher contents of glycogen and ash. Comparison of proximate 
compositions between female and male mussel showed that the male had higher protein 
and lower fat content than the female. 
Fatty aCid composition of dried mussel lipids: 
The fatty acid compositions of the lipids of dried mussel are shown in table 2. Cl6:0, 
Cl6:1, C20:5n-3, C22:6n-3 were the major fatty acids in lipids of drieq mussel, similar 
to the lipid composition in oysters, (Josephson et al., 1985). C20:5n-3 was the 
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Table 1. Proximate composition of dried mussel (%) 
ComPQIM:nt Ccude Jlli!'Otein Crude tilt Glycctm Moisuare Asb 
Male mussel 60.6 IO • .ll 6.3 n:u u 
Female mwsel $3.3 l.ll.l 7.l n::u 1.l . 
Table 2. Fatty acid composition of the lipids from the samples (%) 
Maklrlllmssel lFemllle musd 
fauy acidll 
TL NL PI!. TL NL I!' I!. 
Cl4:0 2.0 3.1 :u 3.0 :u 4.1 
CIS:O 1.7 0.3 Ul n.l 0..1\ u 
Ci6:0 12.4 1.11 IU 1~.3 IU I•U 
Cl6:1 1.4 Ul 3.0 9.1 
'·' 
4.4 
Cl7:0 1.1 CUi ill.# 0.9 0.6 1.3 
Cl7:1 S.J 4.1 lUI 4.6 3.1 i.l 
Cl8:0 4.0 ).4 1111.9 :u 1.1 5.6 
Cl8:ln-9 3.8 4.6 6.0 Ui 4.3 S.1 
Cll!:2n-8 I.S t.s 1.4 1.4 S.J 1.2 
Cl8:31\· 3 ,,., ).1 -. 1.3 2.9 -1.0 
00;2a-il l.J. ----l ~~- 2.7 4.4 
·C!'2e:-la_. · ·· :U 1~7 WJI!' u u . i-1 
C20:4lll11 1;3 @.5 t. 1.3 0.3 u 
C20:5a-3 2S.3 22.6 2.3.$ 21.3 1:U IU 
C22:2rs· 4.S 2.1 3.7 :u u 3.6 
C22:3n-9 3.3 1.4 u I.S 4.6 1.3 
C22:5n-3 1.0 0.9 1.3 u 0.4 Ul 
C22:6D. 3 11.7 11.1 13.1 10.2 6.4 1.0 
.. 
Table 3. Changes in each component of female mussel lipids (%) 
S!Otllll!ct tim£1 Air pacb1e 'VKUI.Illim~ 
10 days 360 ci!ays 10 de.,s 360 «<aiy; 
L)'liOPhosplialidylcho!iM u u 6.4 2.5 
PhospliaaidylcholiJile 19.7 I.S 115.4 u 
Cholcs[etol IU U.ll 10.7 1.1 
ll"rwrauy' .. I. 25.111 L 22.1 
T~de. 42.111 lli.l 43.7 21.0 
HydrCO&rboo.l!l. BI.J lf.7 R4.2 17.0 
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most abundant component, ranging from 22.6% to 25.3% in male mussel lipids and 
21.9%-22.3% in female mussel lipids. Fatty acids of n-3 series in TL occupied 40% of 
the total fatty acid contents, most of them were C20:5n-3 and C22:6n-3. NL and PL sep-
arated by column '""'chromatography showed the differences of their fatty acid composi-
tions. The fatty acid composition of NL and PL of male and female mussels had same 
characteristics that NL contained high percentages of Cl6:1, Cl7:1, C18:3n-3, C20:3n-6 
and PL contained more Cl6:0, Cl8:0, Cl8:ln-9, C20:2n-6, C20:5n-3, C22:6n-3. 
Between male and female mussel lipids (TL), male mussel with lower fat content con-
tained more C17:1, C20: 5n-3, C22: 3n-9, C22:6n-3, and less C16:0, Cl6:1, than female 
mussel. NL and PL in male mussel lipids contained high levels of C20:5n-3 and C22:6n-
3. The contents of polyunsaturated fatty acids amounted to 47.5% in male and 39.9% in 
female mussel lipids. 
Changes in each component of lipids during storage: 
Lipid components were separated by two stage development of TLC,and then 
sprayed and scanned. Six components were identified acc"Ording to the Rf value of stan-
dards. From the separated spots in the plate, it was found that phosphatidylcholine, cho-
lesterol and triglycerides were the major components. During the one year storage, free 
fatty acids (FFA) increased gradually as shown in Table 3. The test samples packed with 
two different packing methods and stored for 10 days showed the presence of traces of 
free fatty. acids. During storage, a striking feature appeared that FF A increased and 
amounted to 25.8% in air packages and 22.1% in vacuum packages. Phosphatidylcholine 
and triglycerides decreased during storage and correlated with the increase of FFA and 
hydrocarbons. The vacuum packed samples contained less FFA and more phosphatidyl-
choline and triglycerides during storage compared with air packed samples. Changes in 
lysophosphatidylcholil).e and phosphatidylcholine were more than that of triglycerides 
and cholesterol, because of their high unsaturation (Marata et al., 1987; Koizumi et al., 
1988). 
Changes in fatty acids of TL during storage: 
Changes in the fatty acids of four vacuum and air packed dried mussel samples of 
both sexes during storage have been studied and the results are shown in figure 1. The 
contents of saturated fatty acids Cl4:0, Cl6:0 and C18:0 in TL increased during storage. 
The changing rate of saturated fatty acids was noticeable in ordinary packaged samples 
than that in vacuum packed samples, particularly the changes in Cl8:0 were typical. 
Except saturated fatty acids, Cl7:1, Cl8:2n-6, C20:4n-6, C20:5n-3, C22:2n-6, C22:3n-9, 
C22:6n-3 all decreased with different changing patterns during storage. From figure 1, it 
is clearly evident that C17:1 decreased greatly in air packed sample and Cl8:2n-6 
changed slighdy during storage. At the initial stage, C20:3n-9 increased little and during 
40 to 120 days storage, its decrease was faster and more noticeable in air packed sam-
ples. After 120 days storage its content remained constant. A great decrease in C20:4n-6 
was observed during storage of 40-120 days and more intensive in air-packed packages 
samples. The decrease pattern of C22:3n-6, C22: 6n-3 was similar and obvious changes 
were found during 40 days storage. After 40 days little changes occurred and the effect 
of packaging methods was nearly the same. 
Highly polyunsaturated acids such as C20:5n-3, C22:6n-3 changed greatly in all 
samples, particularly C20:5n-3 in air-packed samples. C20:5n-3 decreased from 25.3% 
to 22.1% in male dried mussel and from 23.3% to 15.6 in female dried mussel. The 
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Fig.l. Changes in fatty acids of mussel lipids during storage. 
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Fig.2. Changes in fatty acids of mussel lipids during storage. 
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decrease in C22:5n-3 seemed very little in vacuum-packed samples, from 25.3% to 
23.3% in male and 22.3% to 20.3% in female mussel. During one year storage, the dif-
ference of C20:5n-3 in air-packed and vacuum-packed samples reached 4.7%. Changes 
in C22:6n-3 seemed similar during storage. Unsaturated fatty acids were easily oxidized 
and existence of oxygen in air-packed had a great influence on the oxidation of fatty 
acids, as observed from the above results. 
Changes in fatty acids in NL and PL during storage: 
From figure 2, similar to the saturated fatty acids in TL, Cl4:0 and Cl6:0 in NL and 
PL increased during storage. Cl8:2n-6, C20:3n-9, C22:2n-6, C22:3n-9, C20:5n-3, 
C22:6n-3 decreased during storage. The decrease in Cl8:2n-6, C20:3n-9, C22:3n-9 in 
NL of female dried mussel were greater than that in PL. Except in NL of male dried 
mussel, C20:5n-3 and C22:6n-3 decreased to a great extent during storage. As for 
C20:5n-3, it decreased from 13.1% to 9.0% and 12.0% in NL and from 19.1% to 14.2% 
and 17.0% in PL of female dried mussel in air and vacuum-packed samples. In male 
mussel samples, C20:5n-3 decreased from 22.6% to 17.0% and 19.3% in NL and from 
25.3% to 14.2% and 19.5% in PL in both air- and vacuum-packed samples. It can be 
seen that ~nsaturated fatty acids changed more greatly in PL than in NL. The trend 
seemed to be similar to the lipid oxidation in different fishery products (Shono & 
Toyomizu, 1973; Takagi et al., 1986). In order to preserve the dried mussel products and 
protect them from lipid oxidation and deterioration, vacuum package and application of 
antioxidants are necessary. 
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